We report a comprehensive clinical, radiological, neuropsychometric and pathological evaluation of a woman with a clinical diagnosis of AD dementia (ADem), but whose autopsy demonstrated widespread demyelination, without Alzheimer disease (AD) pathology. Methods and results: Initial neuropsychometric evaluation suggested amnestic mild cognitive impairment (aMCI). Serial magnetic resonance images (MRI) images demonstrated the rate of increase in her ventricular volume was comparable to that of 46 subjects with aMCI who progressed to ADem, without accumulating white matter disease. Myelin immunohistochemistry at autopsy demonstrated extensive cortical subpial demyelination. Subpial lesions involved the upper cortical layers, and often extended through the entire width of the cortex. Conclusions: Multiple sclerosis (MS) can cause severe cortical dysfunction and mimic ADem. Cortical demyelination is not well detected by standard imaging modalities and may not be detected on autopsy without myelin immunohistochemistry.
Introduction
Although Alzheimer's disease (AD) is the most frequent neurodegenerative cause of cognitive decline, other disorders with prominent cortical pathology may mimic the clinical picture of AD. We present the case of a woman with a background history of multiple sclerosis with one relapse, who presented initially with amnestic mild cognitive impairment (aMCI) and then developed progressive cognitive decline in multiple domains typical of AD dementia (ADEM) over 13 years.
Case
This 57-year-old woman presented with an 18-month history of cognitive decline on a background of a single episode of optic neuritis at age 42. Physical examination revealed a subtle internuclear ophthalmoplegia. Spinal fluid analysis was normal, including oligoclonal bands and IgG synthesis rate. A diagnosis of multiple sclerosis was made. As the patient had only a single attack, without accumulating white matter disease on MRI brain over time, she was not treated with disease-modifying medications. She had progressive cognitive decline over 13 years and died at age 70.
Neuropsychometric testing
Initial testing at age 58-years revealed high-average premorbid intellectual abilities and demonstrated impaired verbal memory in a pattern consistent with aMCI. Her cognitive profile progressed in a pattern of frontal subcortical dysfunction, most prominent for attention and executive functioning. A graphical summary of her cognitive testing, along with comparison to a typical patient with AD identified from our clinical practice is shown in Figure 1 (i).
Imaging
Standard FLAIR MRI brain demonstrated high-signal abnormalities in a pattern suggestive of demyelination ( Figure 1 (ii)). No gadolinium enhancement was demonstrated at any time.
MRIs performed over 13 years demonstrated progressive cortical atrophy (Figure 1 (iii)) without accumulation of new white matter lesions. The rate of ventricular enlargement was comparable to that of 46 subjects with aMCI who progressed to ADem. 1
Pathology
Diagnostic pathological evaluation included histochemical staining of formalin-fixed paraffin-embedded sections with hematoxylin and eosin, Luxol-fast blue/periodic acid-Schiff and Bielschowsky silver impregnation and immunohistochemical staining by avidin-biotin or alkaline phosphatase/anti-alkaline phosphatase technique without modification, using primary antibodies specific for β-amyloid (clone 6F/3D, 1:10 dilution; Novocastra Vector Labs, Burlingame, CA); tau (clone AT8; 1:7500; Thermo Scientific, Rockford IL) TAR DNA-binding protein 43 (TDP-43, rabbit polyclonal antibody; 1:3000; ProteinTech Group, Inc., Chicago, IL), alpha-synuclein (mouse monoclonal; 1:25; Invitrogen Corporation, Camarillo, CA); glial fibrillary acidic Recognition memory (AVLT Recog) was consistently better than free recall (AVLT % Ret), suggestive of a subcortical process. Object naming (BNT) and category fluency (Cat Flu) were poor and worse than letter fluency (Letter Flu), which is suggestive of an Alzheimer-type pattern. The overall pattern argues against Alzheimer's disease, suggesting a subcortical process. AVLT Multiple chronic inactive-type demyelinated white matter lesions involving the periventricular white matter, the optic chiasm and the pons, with mild infiltration by activated microglia and lymphocytes, and fibrillary gliosis were seen.
The cortical demyelinated lesions were devoid of parenchymal or perivascular lymphocytic inflammatory infiltrates, while mild T-cell inflammation was present in the meninges. Microglial activation was present and not restricted to the cortical lesions, involving the entire cortex. Our findings are in agreement with previously published studies showing that inflammation in subpial cortical lesions of patients with long-standing chronic MS is composed of activated microglia, but lacks T-lymphocytes and macrophages. [2] [3] [4] Neurofibrillary pathology (neurofibrillary tangles, pretangles and threads) was restricted to medial temporal structures. Semiquantitatively, neurofibrillary tangles were generally absent to focally sparse in the entorhinal cortex, while pretangles and threads were generally sparse to moderate in amygdala, hippocampus and subiculum and focally frequent in entorhinal cortex. Beta-amyloid, alpha-synuclein and TDP-43-immunoreactive lesions were conspicuously absent. These findings were inconsistent with the pathologic diagnosis of Alzheimer's disease or other well characterized neurodegenerative disorders (tangle-predominant dementia, frontotemporal lobar degeneration, Lewy body spectrum disorders, or other tauopathies) ( Figure 1 (iv)).
Immunohistochemical analysis using primary antibodies specific for proteolipid protein (PLP) revealed extensive cortical demyelination consistent with multiple sclerosis (Figure 1(v) ).
Subpial lesions affected the upper cortical layers and often extended to the entire width of the cortex. Demyelinated lesions also involved the deep grey structures, the brainstem grey matter nuclei and the anterior horns of the spinal cord bilaterally.
Ex-vivo MRI
To determine the clinico-pathological potential of MRI sequences optimized to detect cortical demyelination, we performed an ex-vivo T2*-weighted customized FLASH-IR sequence with inversion recovery (IR) time calibrated for cortical lesion detection at 75 μm in-plane resolution (Figure 1(vi) ). This demonstrated extensive T2* hyperintense subpial cortical demyelination in formalin-fixed wet specimen imaged at 7 Tesla, which correlated well with PLP staining demonstrating extensive cortical demyelination.
Discussion
This patient had progressive cognitive decline, in the setting of multiple sclerosis, in the absence of Alzheimer's disease neuropathologic features.
The extensive cortical demyelination observed in this patient may have contributed to her progressive dementia. While previous studies have suggested a link between cortical demyelination and dementia in MS patients, 5 they have lacked the pathological exclusion of other etiologies of dementia. Subpial demyelination was the predominant pathological finding, is specific for MS, 4 is independent of white matter lesion load 6 and has a predilection for cortical regions involved in memory processing. 7 Our patient presented with mild cognitive impairment (MCI), which evolved into a clinical pattern of ADem, but without AD neuropathologic changes, or features of other well characterized neurodegenerative disorders. The absence of neocortical tangles excluded tangle-predominant dementia as a diagnosis. While preferential demyelination of certain white matter tracts has been reported in patients with secondary-progressive multiple sclerosis and cognitive impairment, there was nothing distinctive regarding either the pathology or the location of white matter lesions in our case. Furthermore, the cognitive decline of the patient continued despite the lack of accumulation of white matter disease on brain MRI. Immunohistochemistry is superior to myelin histochemical staining methods for detecting cortical demyelination, especially subpial and intracortical lesions. 2 Our study highlights the importance of using immunohistochemistry to detect cortical lesions.
The value of serial neuropsychometric assessments is demonstrated by this case, particularly in the setting of MCI. Although amnestic mild cognitive impairment (aMCI) is a risk factor for progression to ADem, patients with aMCI may progress to other neurodegenerative diseases, or revert to normal. 8 The variability of testing results over time, along with the evolution to predominantly frontal dysfunction suggested that demyelination was the more likely cause. 9 We postulate that while hippocampal atrophy in sporadic AD is due to neuronal loss and gliosis, the hippocampal volume loss in this case was due to myelin loss, with relative preservation of neuronal cell bodies. This highlights one of the limitations of currently available structural MRI for assessment of cognitive impairment. According to the most recent clinical diagnostic criteria for AD, 10 our patient fulfilled the diagnostic category of "probable AD with evidence of the AD pathophysiological process", due to her clinical presentation and the presence of disproportionate atrophy on structural magnetic resonance imaging in medial, basal, and lateral temporal lobes, and the medial parietal cortex.
Cognitive impairment is common in MS, affecting 45-65% of patients, 11 the exact number depending on Figure 1(vi) . T2* weighted customized FLASH-IR sequence with IR time calibrated for cortical lesion detection at 75 μm in-plane resolution demonstrating extensive T2* hyperintense subpial cortical demyelination (asterix) in formalinfixed wet specimen imaged at 7 Tesla. (Bruker Avance III 300 MHz vertical bore MRI system; Ettlingen, Germany). the classification of cognitive impairment. 12 MS can present with progressive cognitive decline in the setting of few or no clinical attacks. 13 As in our patient, tobacco use has been suggested as a risk factor for cognitive decline in these patients. 13 The affected cognitive domains most frequently encountered in patients with multiple sclerosis are deficits in recent memory, attention, information-processing speed, executive functions, and visuospatial perception, 11 indicating a mixture of cortical and subcortical dysfunction. In patients with secondary progressive multiple sclerosis, strategic white matter tract axonal loss or demyelination is associated with cognitive impairment. 14 White matter integrity in cortical brain areas has also been shown to be associated with cognitive impairment. 15 The frequency of AD pathology in patients 65 years and older with MS is similar to that of the normal population. 16 Cerebrospinal fluid (CSF) biomarkers for AD allow increased diagnostic confidence of this diagnosis antemortem compared to the requirement of pathologic examination. 10 Patients with clinically isolated syndrome and relapsing-remitting MS have been shown to have normal CSF Tau, phospho-Tau (pTau) and β-amyloid1-42. 17 Whether this is true in patients with progressive MS is less clear. Patients with secondary progressive and primary progressive MS have abnormal tau hyperphosphorylation associated with abnormally phosphorylated insoluble tau. 18 Our patient did not have A-beta/ pTau ratio analyzed in spinal fluid. The use of both β-amyloid and neurodegeneration biomarkers, as endorsed by the National Institute of Aging and Alzheimer's Association workgroup on diagnostic guidelines for AD, should improve diagnostic accuracy in cases of clinical uncertainty and may be useful for elucidating the cause of cognitive impairment in patients with a known neuroinflammatory disease. 10 Although amnestic mild cognitive impairment (aMCI) is a risk factor for progression to ADem, patients with aMCI may progress to other neurodegenerative diseases, or even revert to normal. 8, [19] [20] [21] If our patient had had neuropsychometric testing at baseline only, her ultimate cognitive decline may have been easier to ascribe to ADem. However, the variability of testing results over time, along with the evolution to predominantly frontal dysfunction suggested that demyelination was the more likely cause. 9 Interestingly, despite lack of accumulation of white matter disease on MRI brain, her later neuropsychometric testing suggested a more subcortical phenotype. This contrasts with the extent of cortical, and in particular, hippocampal demyelination at autopsy.
Progressive cognitive decline in patients with a history of episodic neurological dysfunction should prompt investigation for alternate diagnoses, including MS. Equally, cognitive decline in patients with MS may have many causes. Judicious use of biomarkers should improve diagnostic accuracy in challenging cases. 
Conflict of interest

